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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic 
electroluminescent element capable of enhancing luminous 
efficiency by stably improving electron injection performance into 
an organic light emitting layer. 

SOLUTION: In this organic electroluminescent element, the organic 
light emitting layer 3 and an electron transport layer 4 are provided 
between an anode 1 and a cathode 2, and the electron transport 
layer 4 is arranged on a side near the cathode 2. The cathode 2 is 
formed to be provided with a layer 2a made of metal which is 
provided in contact with the electron transport layer 4 and has an 
ion radius <1.5 &angst; and a layer 2b made of metal having a work 
function >3.7 eV. The electron transport layer 4 is formed by an 
organic compound having electron mobility of >10-5 cm2/Vs. 
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(57) mm 

iftmm fm 1 £is@2©ibik:. mm&mzt 
mj-mmm 4 * . tt&mm 4 vt$& 2 tcsoffliccEK 

3tiZ J: 5 «:KWfcWWMHWBR7-KHT *. Bf«2 

AJ!llT©£JS«fc9&SJg2a£. {±*WS*#3. 7eV 
&Lk<D&m£ K) ftSJt 2 b J&STS. *Hft 

i£Jf 4 tVHFIU&P 1 0 - 6 cm ! /Vs tLhOWtS 



1 

2 

3 ^TflS65152feS 

4 m^-ttiUS 




(2) 

1 

fcSS t . f±*RI&*5 3 . 7 e V«±©&JPS <fc 0 

myitis fctt^tt&tfi o- e 
cm* /v sm^mmt-^ssvi^x^hx^c 

[®?m2) mmtmmomic. mrn^trntm^m 10 

<b«l/Ti9;We.n/c-f^>^mi . 5 AJWTO^JSJ: 0 
tt*WR**3. 7 e V£Lh©#JSJ:9&£JI 

ttfctf? 8 o *cw±©w«Mb^«!©Bi . 

[N*«3] <T4->¥S1. 5A«T©iI*5. N 20 
a. K, Rb. Mg. Ca v Ba. $>ZM&fc±m&m 

[1**84] {±*W&3. 7eV«i©4I*s, A 
1 v Ag. Mg, In, Zn, Pb, B i a>6SStf*i£ 

< i i toii-c* 2. c i m<t -r Si**! l 

[S«*S5 ] ft^SfrSE# 1 0 " * cmWsfeli 
©WBWfc^tf, /<V*^0-f>. nv7xt>hD'j 

>. s^cne.©^**. tpb i , s^n-jwk^*. 30 
h y r v--»Hb^j3&>e.is«nsii>!& < t i> 1 a©*>© 

[H3J&I6] -ft>^l. 5A«T©£S<fc9&* 
JI©18J¥#. 0. l~10nm-CA5Ci4^itn 
fS*« 1 7bS5©l>rn^Kfe*S©W«SWIfe#SH% 

[§**B7 ] n*Wm& 1 0 - • cmVVs^i 
©fflWfcSWWJHWRHJ**. #7 **fcfm£** 8 0 -c 

^©^fc^WfSwn* £ *) i»ci 

tt zmxmz 7!>m 6 ©t,>-rn*>ici ii&vmwmnftft 40 

ci9*3i s ] if 9 *wmm.ifi 8 0 -c«±©w«Hb£ 

h'ix(8-tFa^/'Jt-F)7^5i 

•;-U>gf«(*. J'P-JWfc£<»> 2. 2' . 2* - 
(1.3. 5-^>-^> h Mj*- 
Jl/- 1 H — $ j6>6iS«ft£4>&< £ 

4> 1 «©fc©-C&£C i^i|#®<b-r-2,if^2 7i27© 

t>rft^£iais©w«m#!^fefc3np. 50 
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[000 1 ] 

Kfcfc. |®g£|^©rafcW&fS^£^fai£ISS:l3: 
[0002] 

oiK^r*-*. fc(D*sia^*-rS Tg#3ft<S<fc 
•?ti,>S. ^L,rc©J;5fcS#teJ&C6c<!:rt*-c*£ 

[0003] WtS^^t^^iSmE-C^TSC <!: 
». -f-X Y-?Zs • ajf, *tt©C. W. Tang&tC 

tm»r^3hfc (App 1. Phys. Lett. . 
5 1. 12. 913 (1987)). *LXCtlim. 

mmnR&Kgk+i*. m*feft<tr© 1 0 vmm<mmKx 

100-100000 cd/m 1 mg.<DlSHfg.<D8Jt1fi 

vim* c t . m^»^«fiSTi«i4©ie*^t+'c^» 
[0004] ccr, *»wwai«wii*Wtt** 

S/*-;i/ttSI®/W««*a/« : f-l8SIIB/tt«©« 
«^^IJB/Btffi©«fiR. 

?fe)i/m^-is^)a/m^aA)a/i^s©«R)c. »«/* 
-^aA®/w«^^®/«-T-aA«/me©»fiS^ 
i*. a</©^©t©*^ife>*i*. 

[0005] 

m+o&ytwmzftjiziizctimmtvx. ±ib© 

^B *ftfi< b-T -S C i ©KW*ifi£3fo&> 6S * % bnt 

mm*m^mm<D — z>tux. ^sw^^we^^^ 
©«^aEA«e^*t{g^ii^ci*^if6nn^„ o 
* »3 . wa^B^©s-^©aAfi*i*-^©aA«<fc 

«54>fc<. S^^^-C©^-Jl/i«-TO^-7>^*i® 
[0006] tcr. «fPS^7-2 6 83 1 7-^^-C 
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££JS£*«ttLTJi*^£t- <*>££«. &»£#©SiHJ 

•5 ssaifc-hfrtcff h c £ fti-es ft i, > ©r* o fc. 
[0007] #^tt±fs©*K:&#T&3n/<:«>©-c 

* 0 . *ltSWf ^©m*&At£t6*35£ DT|ai±3 
£C £#"?*> !^^£®«>-SC£#-C#£WtS1IW 
IS#^£^T&C££Sfi«J£-r£fc©-C&*„ 10 
[0008] 

«^JI£«UTi9:tt6ftfc'l , *>¥&l. 5A«T©£ 
®£*)tj:Zm£. ftffntttfS. 7eVa±©#IJ:') 
ft*JI££{i&-aE>»£U m^f&i£JI£^l£*&gai 1 
0- 8 cm 2 /Vs«±©W«ft^tCJ:oTJ&j£LT 
f£6C ££!$«<!:•$-* fc©-C£>S. 20 
[0009] «»»CE>n^3l2 tc^swts^^^^ 

«»IS*«-WC*5l>'C. BESS:. 

{±*MSfc#3. 7eV«±©&«J:*)3&:*Jii*fl|jtr 

m&m&& 8 o •cw±<ow«fk^«i©JB £ . wf-s»i* 

*J1 0- 8 cm 2 /Vs«±©W«ft£«»©B£*«*. 
r^ES0TfiSiC£^^£T-5fc©T*S. 30 
[0010] *3t»^3®3 ©SWtt. ifjfcg 1 Xtt2 (C 
*5t>T. </4'>4Sftl. 5 AJWTCD^IS^. Na, K, 
Rb. Mg. Ca. Ba. $>2>l>lt%}±M&&ij>hmii 
tt*4>ft< £*> ia©^Jl-C*^C£^®£-r€>fc<D 

[001 1] £fcli!3#S4 cr>»BJ». gj!#^ 1 7JM3 © 
(^TttfrKfc^-C, tt^KI»3. 7 e VJiU:©:£B5#. 
A 1 . Ag, Msr. In. Zn. Pb, B i *6S«ti 

*4>&< <t i «©&«■?&£ c tzmifrz t><ov 

40 

[0012] stcmxms <mm*. m?m 1 7124© 

^fh*K*Jl»T, 1 0 - 8 cmWs 

fcU;©WtSKt£<gJ#. **J9lu4->* /tv^*^>h 
P';>. &tfcft6©^i»{*. TPB i, i/n-;Wfc£ 
®. h y r v-Mi^fr 6a«ns^A«c < £ & 1 «© 

©T* 4 C £ ^® £ f £ *> ©-C* -5 . 

[0013] ttcm&me (ommkt, m&m 17^5© 

&&JI<DffJft0S. 0. l^lOnmTWCi^i 
f £*>©-C£>£c 50 
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[0 0 14] Sfcm:Kg7<Dft9!tt. i»3fcJI27!>M6© 
t»-rn*iK:*Jl^r» m^t&Srti 1 0 - 8 cm'/Vs 
^©Wm^©*^*!***. #-7*f£&i&&#8 
0 -C£Ui©W«Mk^«?©m^««]^<t 0 *>/h3 1> C £ £ 
#©£-$-£ k©r&.&. 

[0015] $fcfiN?3S8©|fe93«. !S#3t27!>M7© 

^rn^Kfe^r. ^^x©^®gf*t8 o°cfeUi©w« 
h >; x ( 8 - 1 fp*S"* -/ >; h ) 

Sr.^AS§#. (4-^^-8 -*>";t- h) 

)IT<)-U>mm&, Isn-MtG®. 2. 2' , 2* 
- (1. 3. 5-^>-t2>M;A') h'M- [1 -7* 
1 H — *>?4 5 2V-;H *>e>jifcHi*4>&< 
£ 1 S©*>©-C<& -2. C £ £!&&£f* *>©-C«>S. 
[0016] 

[^W©j|i6©^SI] ^^©^©JfcS&fciBlB 
fi>. 

[0017] *^{c#SW*»m^^&SR^tt. &§® 1 
£B?«2 ©fffltcW^^e 3 £S^fSiHJl 4 £*<§*/>: 

<£>©■?*>■&. -etria isy ; S2«^:4a-? t nw«5imw^ 

^teJfc^P©— *>©"C& *) . S« 1 0 ©^B±(cS 
W*mM&£*fr6&£i»SBlS:f8IIU Hei©f?M± 
U-MHII1 l£:fi-0TW8£8fcJg3*8ill-$-*£ 
fttc. §6«:c©W«^J13©±«:m^^4^ 
UTI^@2*SSIlbT&?.„ ctx%«^«fi££l/TW«R 

3R^F (WISELY) *^fi5«-iC£*iT*i^©-C* 
<0, H&liciESJI^ l^«2«:ft3EE*Enftl^-^.£. 

4 *fti,xmmgm 3 jc&a $ n/cs^ 

£. *-A«JSil l*/MyTW«5»3t)B3«caA$n 
fc^-^£*s. ^8^^31*9, Xtt*r«2fefclI3£* 

-;Hft^ei i©^ffi^{crsfe^b-c^*JScs*> 

£«:J:o-C. «S©feP3K:*Jl>T^cSi!j$©?S^W«« 
W^3fe3R^*^SC£*i-Ct. ^tcafe^£*. #-©» 

6 jfe -&*-®©w«i^fe)g 3 xwm&fi 
miy^yt&^mic, ^-o-^cciso-c esters c 

£*spj«6«:^* *>©"C&S. 

[ 0 0 1 8 3 -£ LT^^-Ctt. JJB©l^e2^-r*> 
tmi. 5A«T©^JSJ:0tt4S2a£ > ft*HS*s 
3. 7eVJ0±©^lil<fc»)%^a2b£^6>^fiic^S<fc 

[0 0 1 9 3 -f*>^Sl. 5A«T©^BJ: , 3)feS© 

2 a itm+nmm 4 £«-r ■& <fc 5 fo&«2 ©rt@ £ 
?&iiE;*n.5fc©-cifc»K m^iii«4«:^jii^*-r2> 
c£{c<t-oT^-r-5«fc^«cur*-6. c©J;^(c-<* 

1 . 5 AUT<D&m*n*tfimm 4 tcrnm?* 

£. -e©-gp*J*^^44iK:^a{ca;«L.Mofi^ 
^S4©tm£^(*5:^«cT-5*>©-Cft»). C©C£ 
tc«tor, l^fii2^6©^aAtt«:ffn/c^^K 
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*©-C**. C©1t^t&j2IJ14£|?^l,/di2a*J&Jifc 

sc^®!?*^. ^icTfis^ssn^i^. A#©«r 10 

fcEttft£'©5*-C||ffl_braO. 5A*SK#T6B-C&£. 
*/cC©£Jg£ l,Ttt{±*W&#3. 0 e V«T£«* 

fr^ST^^SiL/Tl*, Na. K. Rb, Mg, C 
a. B&frbrj:ZT)l>t>*)£mXteTWJ±m£m, 
*5l>ttSm. Eu. Ce. Yb. P r«ci'©t±3Si 

c £#r t * *>©r& 

[0020] f±*M»*s 3 . 7 e V«±CD^JS J: 20 
9&-SJ12 b«gfS2<m©£U-C0fiX3n5fc<D-C«> 
S. C©ttflW©®2 b&mi3rr.&£Jgtt. SRWSfisett 
£}f fctf£/c#Kf±«ig&*i3 . 7 e VfcOi-C&Sk© 

z»«14*WT * C £ f±*W&© 

&£c£#ggLi,». cn^o^fr^fc-r^jsttr 

». Al, Ag, Mg. In. Zn, Pb. B i #»e>iS 

im$> zMm&mo&mzmsRux&mtz 30 

[0 02 1 ] P£@2£±Se©J:5K:>f:*>¥gl. 5 A 
WT©£« J: 0 ft * JI 2 a £ . tt?ttB&ai 3 . 7eV« 
±©£J1 <fc 0 tt SJf 2 b £ rt>6> -5 C £ K J; it . 

C £#•?** *><DT*S 0 CCT. «^3IJg4£mS 

H2a<DJSJfE«0. 1~1 OnmiK ^fiST 

$Ll>„ C©^^^»l>^K:jf^-r^£, 

1. 5AWT©^RttS«-C*-5/c»K:. «^-$&j&14 40 

fc*J12 aommifil 0nm*iB;t.££. 

i . 5 Ai<TF<D£m&n*Mimm 4 £j@s.-cfciirr*fc 

^■ttj&s&D. 0. 1 nm*$§©ig^K: . 
5 A^T©^« «t Dft512a fc^f £ C £ tC<fc -5± 
fe©a&*£+#{t*f-S C £ ttjg l, ti„ 
[0022] ±fe©Jl 2a. 2 b J; K) &&l&@2 «. ± 50 
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cto. &»UTSigfci?j$T*t£fc<fcoT{i^^5t 

£*r*<5. CCT. W*S#fcftJ13K:*JW&$fe3fc*PIffi 
l?rSfiS-&t:nS»{CfiSW-r-5«^«:W. Plsffi2<7>3fej§ 
OWTFKT-Sc^EFilX. MKW&ffefc 
113 KfcWS£S:fc*|&ffi2 fc&fiStf-Cil-S&CCj&St-r* 
t&^tctt. Bf@ 2 ©ft®®^*: 7 0 %«±«:-r 4 t £ # 
l&ffi2<DJgfftt. l&ffi2©:aaS3fiWDl#14 

jI?T5 0 0nm«TK:i95tT K. HSK 
«1 0 0-2 0 0nm©ffiltn©!!i«J:U. */d&6 
2 *^KD^-C^r £KHC. e>©fIit*&<D 
KIB?&W^-2)fcJ?)K:tt. J*<=>«c«tl>5 0~1 OOnm© 

«SB£f \ mmm&zm< ufc»^tc«c© 

AP*<fc 9 IS <TT SfctcJrOtf^lXteJP 

«. ^BS^fr <%■&£. Jg*&K<fc£l63fc«Ul;£(,> 
5 Wga«feD© l^fiS2<D^JS<DKHE*}S<-r 
£C £(C j:o X 3S*&SB#<D|*U« 2 <D£JS#3S*&I$©$!)» 

- H £ & 0 . ^t6SU^^*©^c#± £ l> 5 
^&<T-SC£*n?S*©"C*S. ^2©± 
tCA l^<D^JH%X^^f xmmOft*), Vv%i2hit& 

mm. cvd. ^o/c«k: 

5.C£fenJtB-C*^„ 

[0023]* OXftHm 1 ©^^-C«. ±l2©S^fS 
it® 4 t*W791MK*s 1 0 " 8 cmWs m±©^« 

<t£®icj:^x-mmi$.ici&!8t.ux<hz. <m&2*>hn 
^&e3tcia^i-r-5c£*i-c#**><D-c*»). coi 

HI. Wt»»3^ 3^<D^-^©^AS£«^©aA«© 

3 # * C £ # » ^»i^#t4(cftnfcWt8«l? 
&fc3&-?S:*#£C£#TS-&fc©r&*. m^-ifti&i4 
=&^fiS-ri.WtS^^©«^ttS»mH3:£*»* 1/ 

^^1^6 io s cm* /v s mBLwmm±<»±mx$> 
[0024] *fcts^2 <o^mxit. m^mm4 * 

02«:m^<fc^{c. l^ffi2tcifi^[!il<D^x^SS* J 
8 0 -CWiCDW^Hb^©^ 4 a £ . 1 0 

- * cm 2 /V s«±<DW«ffc£*J©J!4 b £*SJit< 
TW5<t^(Cl/t^. CO<fc^tC«^SI)g4© 
^^Bfffi2{C«T2.ffll©e4a^^X«S^jaS* 1 8 0 

•c«±£ *nm<Dn*,>Gmt&tox&ffr?z> c t «:<t 

•C. ^tefglS4<D±«:^jS?:^UT|^S2^^T 
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5 2 0 0 -cgffi^HMioiisr* -5 . 

[oo25] tcD-mmmv&^-tfimmAic&^x. m 
vmxm 3 cmorn a b ttss^Kis:** i o - 5 cm 2 

imtc&fttcmmnnm;m : i-*n2> ci*«-e# s *>© 
c ©ji 4 b sr^-r z mmt^xom^nm. 

«ltm.U£<D5 Zfrh 1 0 2 cmW sig^X 
St±©JblE"r&*o 

[0 02 6] $6(C±S2©J14 a. 4 brt>e>&SrJl# 
fiS©m^ii®4(C*J(,»-C. ^F-CMiASrJcOXA-X 
tctf^^fcfetc. Sm£Sfrffia*l 0" 8 cni ! /Vs« 
±<Dmmt^KDm^mitJ (EA : Electron Affinit 
y) ^7X^?agF*i8 0-CJSLh©Wt»{b^©« 20 
-^fttfj (EA) cfc»)k/jN§l,>Ci*s#$tA>. WlSm 
Wffcftsf^Kfc^-Ctt. — ns®2£j&iR-r&£ 
Jl©{±*H^i. ®^l&MJI4£^j£^*Wm{b^&»© 

«^HiS8tfj©g#x * ^-psg t v x u . m+o 

5CiWC*4. *LT«^«fc£JI4£«fg#8iG 
ZcZlocDl 4 a . 4 b TJBfiWS*B^. 2 <t J£*t«W 
©JI4 b Sr^fiST-SS^ttK^ 1 0 " 8 c m 2 /V s 

*mmri>ii7xw»fim.ifi& o-cw±©w«Ht^g)© 30 

^ISft;fr«fc 9 ^n$<TS titter. S3«:^-r 

~-mmz>b3<-rzctifiX'*> m-o&A. 
*>©?**„ 

[ 0 0 2 7 ] C CC. ±3&<Dn. : f-imWfi 1 0 - 8 cm 
>. &c*Ctt6©Ri!*f*> TP B i (2. 2' . 2' - 

(I. 3. 5 — ->-tf> h n/x- [i-7i^ 40 
h ';ry-;Wb^j^<!:^6S«n^ iaw±©fc©& 
[0028] £fc±ie©#-7*f©£s&# 8 o *cw±© 
m;* (8-t Ka+^+yy^-h) t^sx^ais 

A*§#. ttWTV-Mt'&to* 

>mm#. isa-Mt£®> 2. 2- . 2- - (l. 

3. 5 h uju) h [ i i so 
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H— *>?<f (TP B I ) fte£*6fltt*ft 

£iafcLL©fc©£ffl<->£c:£**-cfr£. 
[0029] w«s»«*«**««"r*fife©a5*t. m 

[0030] ±fB©»£l 0 t l/TJi. WlS&fcJf 3 r 

^csnfc^s^i o?:ai/rms*sn4fe©T?*s 
393©*>©©f6tc\ ^^esnr^s *>©■?>. 

(tg«l Otc»4ygi©3fetJ(iaja. v^irnu>X. t'U 
[003 1 ] ±IB©l5gS 1 3 fc*-**tt 

n6©p^^e.^-s>fMgfm?:ffl<,^©3&s«F*i/< . 

1$(Ctt*M»*S4 e VJM±0«Stm*ffll> 

C©J:5fcfS&W*4<tl/Ttt. ^ 
i*©^S. Cu I. I TO (-f>^A-*XgMfc 
«J) . SnO, . ZnO, I ZO W >S^A-ffiS&& 

{b«J> ^©3l«14«Wt«4*i*lf 6^6. w^tfcn^ 
©«ffittf4«:S« 1 0 OliCjSii^X^ 7 3r >; > 

^^©^-cii^^-scitcfc^-c. wm\%wmt 

LX¥m?Z>ZtifiX*Z>. W«^3fe@3(CfcW^5l6 

*|igei *iSjas-&rs«i o^e>ngpccjsi*-r*«^ 
siffii©^a^*7o%fea:«:-r^ct*ijif* 

L/V». l©®l©^-KfitaimWQ/QUT-C* 
£C£*5W$l/<, #tCl OOQ/OJWT-C^iCi^ 

§6tCH©l©^«. fg@l©3£jgjfi^ 
J/- hfiCi^^^iiB©^^^^^/^^. *t 
*4{CJ:0^-E.3&i. MISS 0 0nm«T«:|g;Sr-S©*5 
«F35K. J:0»3il/<B1 0~20 0nm©|5ig-C& 
•5. 

[0032] jjB©*-iHftaw 1 1 zm&tzmnt 

-*aL\*MUMW* Wtl^cJa 3^^614 

#)\,7 4 ij>mt, N. N" -t^C3-^?-;l/7* 
-Jb) -(1. 1 -4, 4'-^75> 
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(TPD) *>4. 4' -tf* [N- (i-V?)l>) -N- * 
7si;b-7S/] bf7x-;U (a-NPD) 

HJ7V-A\ -fs^/-JK -fi^/DA *^;i"< 

#>)TV—}l'TJ\/t». 4. 4* . 

4" -m;* (n- (3-y^;b7*-ii/) N-7x^ 

JI/T5-/) h97s^7i> (m-MTDATA) . 

F**V7*> (PEDOT) ^©SSStMS 10 

[0033] ±Msa>mm&tm 3 «. vmmt^m 
w^tmj: 9 ^ts?fc#Ji3*flf>£-r£ 

*X HWtSfbl^Ji OTtt. S^iHft©«t4> 
^«CD«ft©l,^n £ <b &~C % 2> i><D~C 

1 1 £«fi£f .S*-jH&S2H# 
«^$a&JB4 4»j$TSS^&1**4£ffll>*C 
<b*i-C#i„ 20 
[0034] *m*I3 (cfflU5^»W8Kt^)i 

>. t+tyry-Jk tr^w+i^/y 

t***y;p. s^a-'oaryx:/, *^y>^jg 

h y* (8-t Kn+Jx+y Vi-- h) 7^5- 

<5a$§#> hy* (4-^^-8-^yy^-h) r 
>y*^y>&jgi§#. hy- (p-*-7x^-4 

-fJW75X i-ry-^-2. 5 -is (2 - ^x 
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sa> mfcuhoy^mmt^^^f-n 

£fcCft6<D*b^«:f^3ft£3bfcfef&&3fcC!Mb 
[0035] 

[0 03 6] (fUfeflll) g«l OtLT. J?#0. 7 
mm<JWM3*/5*«*fflC>. C ©S« 1 0 ©-#©SIE 
(C. I TO W>i^A-*XBNb!&l) 

[0037] c©»« i o zngmw$m.ic-iz v 

KU 1X10" Torr (1. 33X10' 4 P 
a) ©«EET, 4. 4' - [N- — N 

-7x^-75^] ^ * x;t, <«c^-1±|s)C<b^SF 
WTa-NPDiBS-r) *l~2A/s<tli 
i£g"C3 0 0 AAUC&IIU f^ffi 1 <D±tC*-;Hfti£« 
1 1 Z&l&Ltc. 

[0 03 8] ^CC. tf-JWHSJll 1©±K. a-NP 

i)4i mm% K-^L/cSife^Jg* i o o a 

«ft (ffl^H&ttiS TDPVB i J : -fb^2) (C. & 

^wfcWb^Bji Lr^s«c*^^/y^a?&WT-5D 

SAgS»{* (tttffcfSlgttS? TBCzVB i J : {b^C 

3)^1 zm.m.% b--7btcn&mtm*:5 o o Aire 

*£*U «fefS^£Wfe^e^6ftaW«S3fcJI3 

[0 03 9] 
Hbl] 





10 
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[0040] #CC. W«BfS:fcJI3©±K: t /tyjr^p-f * 
> (^^td^Ctt^flB^SS : 1 0 " 4 c 

bWs) £g£#LT&JSl 0 0A05-l«SjOl^ 
8$tB4£J£jj£l,;fc. -€-Lrft^(C. S^^®4©± 
{CNa (-f 5}">*8E1 . 16A) *0. 5 n m©^J5r 
$ e>tC-€-©_k(CA 1 (f±*W&4. 2eV) * 

i oA/sommm&L'ci 5 ooAoi^icmt, 

:Ug«lJ?X©l&@ 2 fcJfclfcUfc. 

[0 04 1 ] C©&. Ctt6©£J13:a£#LTJfcJiEUfc 
S« 1 0 - 7 6 'C&T© h* 5 ^ S^HM© f P 

[0042] immmz) ^v^^p-ooRotc. /1 

V7x^>hPV> (^^ttlBK=fb^«F5Sff» : 

^ttsi o - 4 cmWs) *jbc»t— 

[00433 (HJ6093) NaOttOK:. Ca 
¥S1. 1 4A) ZM^xn*tfimm4<O±tC0. 5n 
mCil-Clib. *©±tCA 1 (tt*W&4. 2e 
V) * 1 0 k/ s ©^#iIKT 1 5 0 0 A©/9#{c3£# 

mm i tmmtc bxmmnnmft%&-*mc. 

[0044] (mmW4) NaOf^OtC. Sm 
¥&0. 96A) £ffil>-arF-i&iglf 4©±K0. 5n* 
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mCKHTBiSU -e-©±(CAl ({±*W&4. 2e 

v> * i o a/ s ©^«2St? 1500 A<Dm&icmm 

mm i iPHHtc u-cw^s^^^fffc. 
[0045] (mmms) mwm^ms<o±ic. >w 

^p >f > (^^(SICft^WSBPrK : H^ttK i o 
" 4 cm 1 /VsJ^SOAOIfWl^t. 3 

©±(ch (8-t Fn**>* -/«*•-!•) r^s — 
9 AO* <«^^ttlSIC<b^W5WfS!i : T g > 8 .0 -C) 
* 5 0 A©W#"C3»» . ZUBflttiWXf -roSR 4 * 

[0 04 6] (ifc$809i) /<y*:/ia<t>©fWlc, h 
y* (8 -fc: Fo^^Vt- h) r^s-^Algft; 
(«^tt^C<b^W5£^fS3 : m^tm. 1 0 - 6 cm 
Ws) 4ffll,^-e 4 #fiS©«^^4*0R5fre 

[0047] (Jt©092> NaOttOtC. Cs 
20 *S1. 6 5A) &m>THiF-i&j&t4©±(C0. 5n 
m©0Urcj&&U *©±(CA 1 (tt3SW»4. 2 e 
V) £10 A/s ©^gjlSt? 1 5 0 0 A©Jl#«:$« 
UT. -@«fiS©I^S2^fiR-r-5.J:^K:U/cffe» > ^ 

sew i tmmicLxmismftftytm+zmtco 
[0048] ±fB©<fc s«c oxmmm 1 ~ 5 Rc^tb^w 

1 - 2 rffteWB^fSfc^*®® OKI®^* -#tt 

S8 TKE I THLEY236 ■fcfvrt'J ) tC&KU ffeft 
«K£S£ft ( 5 S)l>Ztt.m r L S - 1 1 0 J ) rase 

i/fc. -£©*sm£a 1 tc^-r. 

30 [0049] 







Na 


Na 


Ca 


Sm 


Na 


Na 


Cs 


(ft 




1.16 


1-16 


1. 14 


0. 96 


1. 16 


1.16 


1. 66 






A 1 


Al 


Al 


A 1 


Al 


Al 


Al 




ttW5» (eV) 


4. 2 


4. 2 


4. 2 


4. 2 


4. 2 


4. 2 


4. 2 








A* Wz>t 


no 


no 




hUX<S- 
t Hn^y 




« 

J- 
4ft 


(caVvs) 


1 0" 4 


lO" 4 


10" 4 


10" 4 


io-< 


1 0" 6 


10- 4 


& 












MJX<S - 


















>8 0 








12000 


11600 


10000 


11000 


1 3000 


7 0 0 0 


8 5 00 



[0 05 0] ^tcsw/c^tsfiw^^^-fcfe^r. 
[^W©^*] JJS©<t-5(C2|s:^©aJ*^ l Kt^SW iiill/tgW6Wc-ft>fSl. 5 AWT©^JH 
Wt»»*3ltT-tt. WSilgfi^DFiflK:, WlS^Sim JcO^SBi. tt*M»3!>53. 7 e V£U:©£JiU 0 
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- 8 cm* /Vs«±(DW8Hb^K:J:o-C^fiSTS<k > 

Kn*%®m?zm*®m&tc&tiz *>©-c& o . mm 
[0051] *8M<om&m2 tcmztmmn&ytm* 
W6t»fc-f*>*ai. 5 AfeTF©£JiJ:«3 &*!!£. 

f±*W&# 3 . 7 e V IcJLtO&m* 9 & £Ji £ 

smmmw 8 o v&L±<Dmm t-&®om £ . 

# 1 0 " 5 c m 2 /V s «±©WBHb#&J©JI tZffi*. 

[ o o 5 2 ] s /csi*^3 <mm\s.. ix«2(c 

fcl^T. 5A«T©£Jg#, Na, K> 

Rb. Mg. Ca, Ba, $>zwtm±m&mtj>hmii 
t\Z>'pt£< £4> llo^iti^cDf, 

fcSISm^lfeTfc^H^ff £ C £ J&s-CS & *>©•?*£. 
[0053]* tc^mA <D¥mte. SWSjf 1 75S3 © 
^m^fCfc^r, f±*M»3. 7 e V£Lh©£l|*J, 
Al, Aff. Mg, In. Zn, Pb, Bi *>e>iStftt 

£4>&< £ i s©&jsr*-2>©r. $&m i mcm\tc 
mwmR&ft&ttnzttifiX'i* stores. 30 
[ 0 0 5 4 ] & tcm&ms (D&wit. nnem 1 nm.4 © 

t>rtl*>tC*jC>T. 1 0 " 8 cmWs 

P'J>. TkVcnh<Dmm&> TPB i . S/O-iMk* 

h y t '/-jMfc£!8ja>6a«ttS4>ft < t *> 1 ao 
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*f£t£#-c#*fc©-c<&.& 0 
[oo55] */cs«^6 <m,mit. nxm 1 rtS5 © 

l>rti3&>{Cte«,>t:. Y*>*il. 5 AfclT©3t)! <fc *) 
&SJf©MH#. 0. 

c t *m < c t mx & . &y&m.ic&titcmimn&ft 

Z> C £ ifiX S -5 *> ©"C* S. 
[0 056] $/clf^7©^^«. lt^27bS6© 
ortifrKfc^T. m^glbgrt* 1 0 - * cm'/Vs 

K5@£«^Sie£©ra©x^^=P-|Sie?:/jN$ < 
C£#T$£fc©"C&£,, 

[0 057] */cff|5}?3l8©&9i«\ 8»#3S27!>S7© 

i>-rn*>tcfc^r. ^/^xig^ia^so-cfeLh©*** 
ft^a*. h x ( 8 - 1 vu*is*s h ) yjv 

SifAgf*. tfX (4-^^-8 -*/'Jt- h) 

*ry-u>iwtt. uu-Miem. 2, 2' , 2- 
- (i, 3. 5-^>-e>h«;,»u) hyx- [1 -7* 

£fc 1«©*>©TN2>&©-C, ^jfe^14«:«nfcWtSS^ 
[0®©©^^tSi^] 

[0 1 3 *mn<onm<mm<D-m*^wsmxi> 

[02] *^Hj©J|Jfi©^gg©ft6©-0!|^^T«BSa-C 

[03] m±o&mtm<D<±mm&tm*®mm<o-m 

1 mm 

2 im 
3 

4 S^ISiUJl 



[SI ] 



1 NME 

3 *«W*S 

4 n-M&rn 



V 




[02] 



-3 
-11 



[03] 



MttKHl 
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